* LA-UR -85-2140 JUi o988
Loni- sua wo -

Los Alamos National Laboratory 1s operated by the Unwversity of Califorma for the United States Department of Energy under contract W-7405-ENG-368

TITLE: MAGNETIC PROPERTIES AND ELECTRONIC STRUCTURE OF THE
ACTINIDE SYSTEMS UA (9s NpA.)z, and Pl:A\’7

LA-UR--85-2140

AUTHOR(S): R. C. Albers DEB5 014102
A. M. Boring

susMitTED To The International Conference on Magnetism, held in
San Francisco, CA, August 26-730, 1985, to appear In
the Journal of Magnetlsm and Magnetlce Materlals.

DISCLAIMER

Thix report wan preparcd us an account of work sponsored by an ageney of the United States
Gioverar.enl.  Neither the United Staten Government nor any agency thereof, nor any of their
employees, makes uny warraniy, eapreas or implied, or unsumes any legal liability or reaponsi-
bility for the uccuracy, compleieness, ur uscfulreas of any information, apparatus, product, or
process disckmed, or represents that it une would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, peovess, or service by teade nnme, traden ek,
manufacturer, or otherwine doer nut necessarily comstitute or imply its emlorsement, recom
mendation, or favaring by the Uniled States CGiovernment or any agercy therewf. The viewa
and opinions of suthors eapressend herein do not necensarily state or reflect those of the
United States CGowernment or any agency thereof,

My anceebance ab e artn s o hle i cog eggenzes thind (he U S Govarnmont relan= i none g igve toyaity leee figeesm W pabibsh o iaprogde o

e puybibedheed foon e contobagese o e gliow others o do oso e U5 Government i poses
1

e o slapnoes Natianal Laboratory secuosds that ihe pubilishoe adonbily i articie as waork performesd ondom e guspicas o the L S Depariment of | nergy

| 08 AlmOs A

JONM N AW Na
KLU LA B LN ]



About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov


Magnetic Properties and Electronic
Structure and the Actinide Systems
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Los Alamos National Laboratory, Los Alamos, NM 87545

Abstract

The electronic ground state of ”APZ' NpARz and I'uMl2 have
been determined by band theory techniques.  These caleulations
indicate that both actinide d-1 hybridization and spin~orbit
coupling are important in these systems.  Using o new scheme tor
obtaining the paramagnon parameters tor UAQ2 it is shown that
calenlated and experimentally derived 51 band width are consis-
tent . The fact that orbital angular momentum may not be quenched
in these systems is suppested as o possible mechanism tor damping

spin=-tluctoatrons in NpAY, and PouAY .



Introduction

The anomalous properties of the lighter acti-
nides (Th-Pu) compounds are due to the 5f electron
states in these systems. In many actinide compounds
the 51 electrons exhibit localized behavior while in
others they tend to behave as band states. A
rationale for this varicly of behavior was given by
Hill [1] in terms of a correlation bhetween magnetic
properties and actinide-actinide internuclear separ-
ation. Aithough Hill obtained a good correlation
his criteria does not explain why UAP.Z, NpM’,z and
I’uA.vI-,)_. with almost equal actinide=actinide separa=
tions, have such diftevent magnetic proparties at
low temperatures,
lIM’2 is a spin=tluctuating material with a TJ
o T term in the low temperature specitic heat data
121, while both NpAV:, [3] and PuAf, 4] order magne-
tically., However 1t is unclear whether or not the
low Lemperature behavior of NpM':, and I'uM’:, in band
ar local moment magnetism.  The spin=tloctuat ion
properties ol IIM’,', have been interpreted (9] aa
ter, s ol non=local (band) states and the paramagnon
theory leads to narrower %10 bands (except tor the
newly discovered heave-termion systems [0]) Chan
have ever been observed or caleulated in metallic
syntems.  Another avpument for band states tov the

B electrons in UAY 0 NpAY |, andd PuAf | s that they



participate in bonding and that this increased
bonding yields Lhe ohserved smaller lattice con-
stants |[7]. 1n order to obtain more information on
Lhese 5f states we have performed a systeratic study
of the electronic structure of these material using
hand theory |[8]. From these results as well as from
a new analysis of the paramagnon model and a recent
calculation by Brooks amd Kelly [9] on the orbital
contribution from itincrant states, a new interpre-
tation ot the magnetic propertics of these systems
is given.

Compound UAL,, NpAY,, PuAv,

SYt=-band width 2.0 1.8 1.3

oceupicd it band 0.14 0.34 0,24
width

S occupal ion 2 .81 Yot

ol occupat ion 1.94 1.0l 1.4

nos (I-'.ll.) il r.h .4

Table 1. ALl bandwidths in eVe Density ot states
in units ol states/eV cell.

Band Caleulations
The band caloulatrons were performed asing a
scalar relataivistico Linear aupgmented=plane-wave
method with a warped mutbin=-tin poteatial to obtain
the zelt-vonmistent electionte strocturve,. The
sprn-orhit couplbong was detevmined non-sel -

vonziztently using this sealar aelativintico selt -



consistent potential. The details of these calcula-
tions have been given elsewhere [8]. Here we give
the results along with a brief discussion of these
results. In Table 1 the total 5f-band width, the
occupied 5f-band width, the density of states (NOS)
at the Fermi energy (EF)’ and the occupation numbers
for the 5T and 6d electrons are given for each
system. As can be seen, Lhe 51 bhand narrows [rom
2.0 oV in UA.Q2 to 1.3 eV in PuAQZ. Also Lhe occupa-
tion numbers have a smoolh variation; the number of
Od electrons decrease trom U Lo Pu while the number
ol 51 electrons increase upon substituting N and Pu
for U, However, notice that the occupicd 5f-band
width is largest tor NpARz. In Fig. | the density
ol states (DOS) for UAQ? 15 plotted,  The calculated
DOS functions for NpAQz and PuA92 are similar.  The
details ot the ditterences between the DOS tunctions
ot these systems have been piven in rvel, 8. The
sharp Teatures at and abhove HF aie due to the spin-
aorbit split 5 bands.  Although Lhe detailed
structure in ditterent and there is some d=1 hybrid-
ization in these svitem:, a crode picture ot these
systems b5 Lhat of Lalling the spin-orbit split 91
band in poing [rom UAP? to PuAP?. Theretore the
dilferent maguetic properties are evolving tiom a



Paramagnon model

Having established that the electronic struc-
ture of all three systems is similar we now turn to
the behavior of UA22. Because of the 'I‘:’ﬂ.n'l‘ hehavior
of the low Lemperature specific heat this system was
fit to a paramagnon model [5]|. This analysis showed
that the occupied 5f-band had a width ot around
~h x l()-:‘ eV. This differs by an order ol magni-
tude from Lthe band results given above.  However
this analysis was incomplete in Lthal it contained
one undetermined parameter. 1t was shown in ret. B
that all the pavamagnon parameters could be deter-
mined from experimental data.  While most ol the
parameters in the new analysis are similar to the
old values, i.e.y a spin=fluctuat ion temperature
('I'Sll.) ol around 40°K and a Stoner enhancement factor
(8 of avound 10, the Fermi temperature is dilterent
and yields an oceapied Si=-band width ot - %
I()-.‘! eV, Thig means Lhal the calculated electronic
strncture and that interrved from experimenl are now
congistent . Therelove the narvrow 31 baod in UAV;,.
leaas to dpin=-flactuation, and now consideration
must be piven to why the similar electrongs

strnctuve in NpA?, and PuA? ) does not Temd Lo t he



Orbital content of band states

One underlying assumption in the electronic
striucture picture of the actinide compounds is that
the angular momentum is quenched just as it is in
the transition metal compounds. Recently Brooks and
Kelly [9] have given the argument that due to the
spin-orbit interaction the spin drags an orbital
contribution along and that angular momentum is nol
quenched in the actinide systems. -le was also able
to calculate the orbital contribution and showed
that the results were more consistont with experi-
mental data than those which assumed no orbital
contribution. The implications this has for UAQZ,
NpARZ, ol PuARZ is Lthe tollowing: Going across
this series the spin-orbit interaction as well as
the number of 1 electrons increases by a tactor of
2. Theretore the arbital contribution to the
angular momentum can chapge sipgniticantly from UAOH
to PuAY, and raises the possibility that the orbital
contribut ton can damp the spin=tInctuation

excital ions.

Conclusion
Although therve arve ditferences in the details
af the one=electron electronse structure ot these
thiee systems, their overall structure is similar

and in tact they can be viewed an the same syntom,



with just an increased filling the Sf_,)',2 band in
going from U to Pu. It was also shown that the
calculated electronic structure of UAE2 is consis-
tent with its spin-fluctuation behavior. Finally it
was argued that the orbital angular momentum may not
he quenched in Lhese systems and that this may b=
Lthe mechanism that kills spin-fluctuations in NpA.Q2
and PuARz. While this gives a reasonable rationale
for the behavior «  these systems, we have not
proved that it is the cvorrect explanation. The fine
details of the differences in the electronic struc-
ture in these systems for, example, may be cqually

imporLan! .
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Figure Caption

Figure 1 Total densities of state function for UA22 in

states/eV-cell.
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